TITLE OF THE INVENTION 

Carbon Thin Body, Process for Producing the Carbon Thin Body, and 
Electric Field Emission Type Electron Source Using the Carbon Thin Body 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a carbon thin body having a unique 
structure, a process for producing the same, and an electric field emission 
type electron source using the same; and in particular to a carbon thin body 
which is expected to be used as an electron generating source in a display 
device, a process for producing the same, and an electric field emission type 
electron source using the same. 
Description of the Background Art 

Hitherto, as a unique structure of a carbon thin body, for example, 
carbon nanotubes have been known. As shown in Fig. 25, the carbon 
nanotubes are made in the form that carbon tubes 113 whose tips are 
closed are perpendicularly extended from a substrate 102. At the 
beginning when the carbon nanotubes were discovered, the carbon 
nanotubes were not formed for a particular purpose and no method of using 
the nanotubes was ascertained. However, by arranging the nanotubes in 
a planar form, it has become possible to obtain a compact and high- 
performance planar electric field emission type electron source. As, in the 
planar electric field emission type electron source, its tip portions are 
sharper, a more intense electric field for pulling electrons to the vicinity of 
the tip portions is easily built. As an index representing the efficiency of 
electron-emission for the electric field, an electric field amplification factor 
is used. It is also necessary to heighten the density of the sharp tips which 
are electron emitting points. The emission current, which is an index of 
performance of an electric field emission type electron source, is in 
proportion to the product of the electric field amplification factor, the 
density of the electron emitting points and the area of the electron source. 
The emission current can be precisely evaluated by simulation using the 
diameter W of carbon nanotubes and the interval d between the carbon 
nanotubes in a model of perpendicularly-oriented carbon nanotubes, as 



shown in Fig. 26. 




The use of the carbon thin body made of the carbon nanotubes as a 
planar electron source has been expanded. Because of its unique structure, 
^\ | howevetfat^ias been considered that the carbon nanotubes body has 

5 unknown lise. 

However, Va) carbon nanotubes are not formed unless the 
temperature of tne substrate for them is raised to a given temperature or 
higher; (b) an expensive catalyst is required for forming nanotubes; (c) 
carbon nanotubes nave small adhesiveness to the substrate owing to their 
— 10 structure; and (d) iA the case that carbon nanotubes are used as a planar 

"fend' V 

yp electron source, it is necessary to use a conductive substrate, or form the 

^ / carbon nanotubes afrar a conductive film is formed on a nonconductive 

j^ji substrate since the respective nanotubes are electrically independent of 

each other. As showAm Fig. 27, in order to supply an electric current or 
15 voltage to perpendic^apy-oriented carbon nanotubes 113 in the case that a 
«_ substrate 102 is insulatipd^it is necessary to deposit a conductive film 105 

on the substrate 102 and then form the perpendicularly-oriented carbon 
nanotubes thereon. The electric current or voltage is supplied from an 
electric current source on a voltage source to the conductive film 105. 
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b& 20 In me case that carbon nanotubes are used as a planar electron 

source, an inexpensive glass substrate cannot be used because of the 

substrate tetoperature referred to in the item (a). This hinders the use of 

carbon nanotabes, which are originally expensive. The drawbacks 

^ referred to inrtne items (b) and (d), together with the drawback referred to 

nS 25 in the item (a\ cause an increase in costs for making carbon nanotubes to a 

planar electroi\ source. 

SUMMARY OF THE INVENTION 

A first object of the present invention is to provide a carbon thin body 

having a structure making it possible to produce a planar electron source in 

30 a simple manner, a process for producing the carbon thin body, and an 

electric field emission type electron sources using the carbon thin body. 

A second object of the present invention is to provide a carbon thin 

body that has a unique structure and that can be supplied for the above- 
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mentioned use and be used for unknown fields, and a process for producing 
the same. 

The carbon thin body of the present invention has a given thickness 
and is in the form of a thin layer having a front surface and a back surface, 
wherein at least in its front surface portion a curved wall is continuous, as 
is viewed in plan, to have an approximately netlike structure. 

At least in the front surface portion of the carbon thin body, its 
curved wall makes an approximately netlike structure. Therefore, its 
electric field amplification factor may be poorer than that of 
perpendicularly-oriented carbon nanotubes, but the density of electron 
emitting points is higher. Thus, from the whole of the electron source, 
larger emission electrons can be obtained than perpendicularly-oriented 
carbon nanotubes. Since the approximately netlike structure is made by 
the continuous curved wall, respective portions of the carbon thin body 
conduct electrically. Accordingly, it is unnecessary to cause the respective 
portions of the carbon thin body to conduct electrically by forming a 
conductive film or using a conductive substrate as carried out in the case 
that perpendicularly-oriented carbon nanotubes are used as an electron 
source. As a result, an inexpensive electric field emission type electron 
source can be simply produced. The approximately netlike structure 
includes a netlike structure having a wall portion extending, as an end 
portion and without being connected to other portions, into this structure. 
In other words, the approximately netlike structure may not have a wall 
portion extending, as an end portion, into the structure, or may have a wall 
portion extending, as an end portion, into the structure. 

The structure of the carbon thin body has been not found out so far. 
Because of its unique structure, the carbon thin body can be expected to be 
used in unknown fields other than the electric field emission type electron 
source. 

In the carbon thin body, the curved wall is preferably arranged to 
approximately surround given openings in a curved form, as is viewed in 
plan, and substantially constitute peripheral portions of the openings. 

In a carbon nanotube, its one end becomes narrow and is closed. On 



the other hand, in the carbon thin body of the invention, its curved wall 
approximately surrounds the given openings. For this reason, the density, 
per unit area, of the tip portions of the wall at the front surface portion is 
high. In the case that the carbon thin body is used as an electric field 
emission type electron source, emission currents can be made large. The 
carbon thin body can be expected to be used as a filter or the like by 
causing a fluid to flow in the carbon thin body along its thickness direction. 
By making the diameter of the openings small, mixed gas of large gas 
molecules and small gas molecules may be separated into gas of the large 
gas molecules and gas of the small gas molecules. The wording 
"approximately surround the openings" means that some openings are 
completely surrounded by the curved wall and the other openings are not 
completely surrounded to be opened. 

The carbon thin body of the invention is positioned on a surface of an 
object. The back surface of the carbon thin body contacts the surface of the 
object, and the curved wall stands up in a standing- wall form from the 
surface of the object. 

According to this structure, the carbon thin body can be formed, 
contacting the surface of the object. Therefore, in the case that the carbon 
thin body is used, for example, as an electric field emission type electron 
source, the carbon thin body can be formed directly on members 
constituting the electron source. In this case, the carbon thin body is 
formed, contacting the object surface in such a manner that a curved wall 
stands up on the surface. Thus, the carbon thin body is not formed in a 
point-contact state as in perpendicularly-oriented carbon nanotubes. For 
this reason, in the carbon thin body of the invention its adhesiveness onto 
the object surface can be made higher than in perpendicularly-oriented 
carbon nanotubes. The surface of the object may be plane or curved. The 
object may be any one of various substrates. 

In the carbon thin body of the invention, a base that occupies back 
surface side within the carbon thin body may be formed in a continuous 
film form to be embedded in the openings. 

The carbon thin body of the invention includes the above-mentioned 



carbon thin body wherein its base has no opening and carbon is embedded 
in the bottom portion of the approximately netlike structure. In the 
carbon thin body having this structure, the strength thereof is improved 
and the electrical conductivity in the plane thereof is also improved. 

In the carbon thin body of the invention, it is preferable that the 
curved wall has a hexagonal system crystal structure and the bottom plane 
of the hexagonal system crystal is arranged in parallel to the direction that 
crosses the front surface of the carbon thin body. 

Carbon having a hexagonal crystal structure is graphite. In the 
above-mentioned structure, the bottom surface of the hexagonal system 
crystal is arranged in parallel to the curved wall. In graphite, carbon 
atoms are connected to each other by covalent bonding so that the atoms 
are arranged in a net form. Such nets are bonded to each other by van der 
Waals force to be laminated. These netlike planes are arranged in parallel 
to the bottom surface of the hexagonal system crystal. The van der Waals 
force is relatively weak, so that the interval between the bottom surfaces is 
wide. Thus, electricity or heat is easily conducted inside the respective 
nets, and strength is easily separated between the respective nets. 

In the crystal configuration of the above-mentioned carbon thin body, 
it is easy that the thin body is mechanically separated into a plurality of 
areas, as is viewed in plan. Therefore, the thin body having a large area 
can easily be separated into the thin bodies having a small area. In the 
carbon thin body, its electric conductivity is high inside the wall plane. 
Therefore, in the case that the thin body is used as an electric field 
emission type electron source, electrons can easily be supplied from its 
cathode pulling-out electrode to the tip of the surface of the thin body. 
When the cathode pulling-out electrode is connected to a part of the carbon 
thin body, electrons can be supplied to the entire surface of the thin body. 

In the carbon thin body of the invention, it is preferable that the 
curved wall has an average thickness of 100 nm or less. 

If the average thickness of the curved wall is over 100 nm, the 
electric field amplification factor is lowered in the case that the carbon thin 
body is used as an electric field emission type electron source. The density 



of electron emitting points is also lowered. As a result, the emission 
current is lowered. If the average thickness is 50 nm or less, the electric 
field amplification factor increases and the density of the electron emitting 
points is sufficiently high. Thus, the thickness is more preferably set to 50 
nm or less. 

In the carbon thin body of the invention, it is preferable that its two 
points that are arbitrarily selected conduct electrically. 

In this structure, the carbon thin body can be handled as a conductor. 
Thus, in the case that the carbon thin body is used as an electric field 
emission type electron source, its cathode pulling-out electrode can be made 
small-sized. It is therefore possible to suppress the shield of the electric 
field that the backside pulling-out electrode in the electron source 
generates. As a result, the emission density of electrons can be made 
uniform in the entire surface of the thin body. 

In the carbon thin body of the invention, the surface of the object 
may be a surface of a glass substrate. 

By arranging the carbon thin body on the glass substrate, the area of 
the thin body can be inexpensively made large. Thus, it is possible to use 
the carbon thin body in a display device of a portable terminal such as a 
portable phone, a television, a personal computer or the like. 

The process for producing a carbon thin body of the invention 
includes the step of using pla sma which is generated from gas contai n i n g a 
carbo n com pound and which a magnetic field and an electromagnetic wave 
is applied to, so as to form the carbon thin body on a surface of an object by 
chemical vapor growth. In this process, the magnetic field and the 
electromagnetic wave substantially satisfy a resonance condition for 
electrons in the plasma. 

In this process, electrons absorb energy from the electromagnetic 
wave, and then an energy discharging process (relief process) is repeated 
while the electrons move spirally around the magnetic field. The electrons 
also give kinetic energy to carbon ions. While the carbon ions to which the 
kinetic energy is given move spirally around the magnetic filed, the carbon 
ions are introduced onto the surface of the object. If the axis of the spiral 



electron movement is along the direction crossing the object surface, the 
component of the momentum of the electron perpendicular to the object 
surface is small. It is therefore possible to avoid damage of the object 
surface based on collision of the electrons with the object surface. For this 
reason, in the state that the object surface is appropriately excited, the 
carbon ions to which appropriate kinetic energy is given are adsorbed onto 
the surface and move appropriately. As a result, graphite grows in such a 
manner that the bottom surface of its hexagonal system crystal stands up 
on the object surface. In other words, covalent bonds are not formed along 
the object surface but are formed along the direction crossing the object 
surface. 

In the case that the above-mentioned resonance condition for 
electrons is not satisfied, diamond like carbon (DLC) or a diamond thin 
layer is formed on the object surface. Namely, carbons bonded by covalent 
bonding are formed along the object surface. 

According to the carbon thin body producing process of the invention, 
the time from the center of the magnetic field to the object surface or the 
distance from the center of the magnetic field to the object surface is 
important. During this time, the energy that electrons absorb from the 
electromagnetic wave is appropriately given to carbon ions through the 
relief process. Therefore, in the carbon thin body producing process of the 
invention, the following conditions, besides the above-mentioned resonance 
condition for electrons, are important factors: (a) the distance from the 
center of the magnetic field to the object surface; (b) object (substrate) 
temperature; (c) object (substrate) bias voltage; (d) the blend ratio between 
the carbon-containing compound and hydrogen gas, which are reaction 
gases; and so on. 

The above-mentioned resonance condition for electrons can be 
represented by the following equation, which is a resonance condition 
equation of cyclotron movement of electrons: 

co = (e • B)/m e wherein to is the frequency of the electromagnetic 
wave, B is the magnetic flux density of the magnetic field, e is the electric 
charge of an electron, and m e is the mass of the electron. However, the 



magnetic flux density of the magnetic field is locally uneven. Therefore, 
even if the frequency of the above-mentioned electromagnetic wave is 
shifted, the resonance condition for electrons is satisfied at some position. 
Thus, the above-mentioned carbon thin body of the present invention can 
be formed. For this reason, if the resonance condition for electrons is 
satisfied in some position in plasma, the process under this condition comes 
under the present invention. 

In the above-mentioned carbon thin body producing process of the 
invention, it is preferable that the direction of the magnetic field and the 
direction along which the electromagnetic wave advances are in parallel to 
each other and cross the surface of the object. 

According to this process, the carbon atoms (ions) having a 
momentum with appropriate direction and intensity are adsorbed onto the 
object surface to make it possible to deposit graphite having the above- 
mentioned orientation and form the approximately netlike wall structure. 

In the above-mentioned carbon thin body producing process of the 
invention, it is preferable that as the electromagnetic wave, a microwave is 
used. 

In the resonance condition for electrons, the frequency of the 
electromagnetic wave and the intensity of the magnetic field are 
proportional to each other. In other words, as the frequency of the 
electromagnetic wave is made higher, in order to satisfy the resonance 
condition it is necessary to make the intensity of the magnetic field higher. 
The intensity of the magnetic field necessary for resonating electrons about 
the frequency of the microwave is greatly high, which is evidently different 
from magnetic fields based on other devices. This magnetic field is 
however a magnetic field that can be generated by an ordinary 
electromagnet or permanent magnet. Therefore, a device for producing 
the above-mentioned carbon thin body can be made inexpensive and small- 
sized. The microwave is an electromagnetic wave having a wavelength of 
5 x 10 1 m to 1 x 10 4 m. Handling of the microwave, such as introduction 
of the microwave, can easily be carried out using well-known members such 
as a wave guide. 



In the above-mentioned carbon thin body producing process of the 
invention, it is preferable that ingredient gases for generating the plasma 
include a carbon-containing compound and hydrogen gas, and the ratio of 
the hydrogen gas in the ingredient gases ranges from 25% to 75%. 

The carbon-containing compound may be made into a plasma state 
by the microwave and the magnetic field or by discharge of electricity. In 
this plasma, carbon is present in the form of a carbon ion or a carbon- 
containing molecule ion. Giving and taking of electrons are carried out in 
the vicinity of the object surface so that graphite comes to be formed. Even 
if hydrogen is taken into graphite, hydrogen is easily emitted. Hydrogen 
is also bonded to other impurities such as oxygen and discharged. 
Therefore, hydrogen has a reducing effect to protect graphite. For this 
reason, using the carbon-containing compound and hydrogen having 
ordinary purity, graphite having high purity and good crystallinity can be 
formed. If the ratio of the hydrogen gas is below 25%, the carbon thin 
body having an approximately netlike wall structure cannot be formed. If 
the ratio of the hydrogen gas is over 75%, carbon is not adsorbed on the 
substrate and a carbon film in any form cannot be formed. In order to 
obtain the carbon thin body of the invention stably, the ratio of hydrogen is 
more preferably from 35% to 65%. 

In the above-mentioned carbon thin body producing process of the 
invention, a surface of a glass substrate can be used as the surface of the 
object. 

According to the above-mentioned thin body producing process, the 
carbon thin body is usually formed on a heated substrate. Even if the 
temperature for heating the substrate is lowered in this process, given 
graphite can be formed. Accordingly, the temperature for heating the 
substrate can be made lower than in conventional processes. Thus, by 
heating the object surface that cannot resist heating treatment within the 
temperature range of more than 700°C to about 800°C at about 700°C or 
less, desired graphite can be formed on the object surface. As a result, by 
using an inexpensive substrate as the object surface, the area of the carbon 
thin body can be inexpensively made large. Using the glass substrate, the 



heating temperature may be made lower, for example, 600°C or less. In 
this case, it is necessary to control the distance from the center of the 
magnetic field to the substrate within a given range. If the substrate is 
heated at 600°C or less so that desired graphite can be formed, it is possible 
to use an inexpensive glass substrate for wise use. Consequently, it is 
possible to make the area of the carbon thin body large inexpensively and 
supply an electric field emission type electron source for a large-screen 
display device. 

In the electric field emission type electron source of the invention, a 
carbon thin body in which a curved wall is continuous at least in its front 
surface portion to have an approximately netlike structure is used as an 
electron emitting member for emitting electrons forward. 

In any electric field emission type electron source, an electric field is 
generated to emit electrons ahead of the electron source. Electrons are 
pulled out by this electric field and emitted ahead from the surface of the 
electron source. As the surface shape of the electron source is sharper, 
larger electrons are emitted with higher efficiency. The electric field 
emission type electron source of the invention has a structure wherein its 
curved wall is continuous to be approximately netlike. Thus, electrons can 
be efficiently emitted from the tip of the wall. This approximately netlike 
wall is uniformly formed over the entire surface of the electron source, and 
further all sites of the above-mentioned carbon thin body conduct 
electrically. For this reason, by supplying an electric current into one site 
of the above-mentioned electric field emission type electron source to make 
its voltage into a given value, all sites of the carbon thin body can be set to 
the same voltage. As a result, in the case that the electron source of the 
invention is used as an electric field emission type electron source for a 
display device, uniform display can be inexpensively attained, without 
forming a new conductive layer or using a conductive substrate, by the 
compact structure. 

In the above-mentioned electric field emission type electron source of 
the invention, it is preferable that the diameter of openings surrounded by 
the wall in the approximately netlike structure is larger than the height of 
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the wall. 

If the diameter of the openings is smaller than the height of the wall 
(thickness of the carbon thin body), it is impossible to apply an electric field 
suitable for extracting electrons to the tip of the wall. By making the 
interval between the wall portions large as described above, electrons are 
easily pulled out from the tip of the wall. Thus, the carbon thin body can 
be effectively used as an electric field emission type electron source. The 
wording "the diameter of the openings" means the average diameter of the 
openings observed when the approximately netlike structure is viewed in 
plan. 

The above-mentioned electric field emission type electron source of 
the invention includes a cathode pulling-out electrode for supplying 
electrons to the carbon thin body, and a extraction electrode for generating 
an electric field for emitting the electrons from the carbon thin body. In 
this electron source, the carbon thin body is positioned ahead of the cathode 
pulling-out electrode, contacting the upper of the cathode pulling-out 
electrode, and the extraction electrode is positioned ahead of the carbon 
thin body in the manner that the extraction electrode does not overlap with 
the carbon thin body, as is viewed in plan. 

By arranging the extraction electrode outside and around the 
periphery of the carbon thin body and ahead thereof, as described above, an 
electric field for extracting electrons to the front surface portion of the 
carbon thin body is generated. The extraction electrode does not hinder 
forward movement of the extracted electrons. In the above-mentioned 
front surface portion of the carbon thin body, its curved wall is arranged to 
be complicated into an approximately netlike structure. As a result, it is 
possible to heighten the electric field amplification factor, which is an index 
representing the electron emitting efficiency for the above-mentioned 
electric field, and obtain many emitted electrons by a weak electric field. 

The electric field emission type electron source of the invention 
includes a cathode pulling-out electrodes for supplying electrons to the 
carbon thin body, and a backside extraction electrode, positioned in the rear 
of the carbon thin body, for generating, from the rear, an electric field for 



emitting the electrons from the carbon thin body. In this electron source, 
the cathode pulling-out electrode is positioned ahead of the backside 
extraction electrode, and the carbon thin body is positioned ahead of the 
cathode pulling-out electrode, contacting the upper of the cathode pulling- 
out electrode. 

By setting up the backside extraction electrode arranged in the rear 
of the carbon thin body as described above, the extraction electric field is 
formed over the area from the backside to the front. Therefore, the extent 
that the extraction electric field is limited into the periphery of the carbon 
thin body is relieved, so that the electric field is applied to the center of the 
carbon thin body, too. This tendency becomes clearer as the size of the 
carbon thin body becomes smaller. The position where electrons are 
emitted is not limited into the periphery of the carbon thin body, as is 
compared with the case that the extraction electrode is arranged outside 
the carbon thin body and ahead thereof. For this reason, it is possible to 
obtain screen-brightness that is relatively superior in uniformity. 

In the above-mentioned electric field emission type electron source of 
the invention, the cathode pulling-out electrode is arranged only in the 
periphery of the carbon thin body. 

Since the cathode pulling-out electrode is conductive, the electrode 
shields the electric field generated by the backside extraction electrode 
arranged behind the cathode pulling-out electrode. Therefore, the above- 
mentioned electric field is caused to go around the periphery of the cathode 
pulling-out electrode from behind and be pulled out onto the front surface. 
In this case, the electric field in the periphery of the carbon thin body 
becomes large and that in the center thereof becomes weak. If a given 
voltage is applied to a part of the carbon thin body, the same voltage is 
generated in the whole of the carbon thin body as described above. 
Therefore, the cathode pulling-out electrode can be located only in the 
periphery of the carbon thin body. Thus, it is possible that the electric 
field generated by the backside extraction electrode, at the area except the 
periphery, is not shielded by the cathode pulling-out electrode. As a result, 
electron emission from the carbon thin body is made uniform over the 
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whole of the carbon thin body. In the case that a continuous film is formed 
in the base of the above-mentioned carbon thin body, the extraction electric 
field is shielded by this continuous film. It is therefore desired that the 
carbon thin body has no continuous film. Furthermore, it is desired that 
the diameter of the openings surrounded by the wall in the approximately 
netlike structure is larger than the height of the wall, as described above. 

In the electric field emission type electron source of the invention, 
the cathode pulling-out electrode is preferably positioned outside the 
backside extraction electrode not to overlap with the backside extraction 
electrode as is viewed in plan. 

According to this structure, the backside extraction electrode and the 
cathode pulling-out electrode do not overlap with each other, as is viewed 
along the direction crossing the carbon thin body. It is therefore possible 
to form directly an electric field for extracting electrons to the front surface 
side of the carbon thin body. For this reason, it is possible to make voltage 
uniform over the entire surface of the carbon thin body without local 
shielding by the cathode electrode. If in the carbon thin body of this 
structure a continuous film is formed in the base thereof, an electric field 
for extracting electrons is shield in the same way. It is therefore desired 
that the carbon thin body has no continuous film. It is also desired that 
the diameter of the openings surrounded by the wall in the approximately 
netlike structure is larger than the height of the wall 

The foregoing and other objects, features, aspects and advantages of 
the present invention will become more apparent from the following 
detailed description of the present invention when taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fiff. 1 is a view of the front surface of a carbon thin body composed of 
an approximately netlike wall, which is observed with a scanning electron 

microscopt XSEM) [20000 magnifications]; 

Fig. l 2 is a perspective view of a cross section along the direction in 
which the carrapi^thin body shown in Fig. 1 grows, and the front surface 
side of the bodjk^hich are observed with a scanning electron microscope 
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(SEM) [SpSO magnifications]; _ . 

Fig. 3 is a schematic perspective view of the carbon thin body 

composed of an approximately netlike wall; 

Fig. 4 is a view illustrating a method of supplying an electric current 

and voltage to a carbon thin body composed of an approximately netlike 

wall; 

Fig. 5 is a schematic view of an electron cyclotron resonance plasma 
CVD device used for producing a carbon thin body composed of an 
approximately netlike wall; 

Fig. 6 is a graph showing a relationship between substrate 
temperature and the number of openings in the front surface of a carbon 
thin body composed of an approximately netlike wall (substrate position: 
395 mm from the center of a magnetic field); 

Fig. 7 is a graph showing a relationship between substrate 
temperature and the number of openings in the front surface of a carbon 
thin body composed of an approximately netlike wall (substrate position: 
240 mm from the center of a magnetic field); 

Fig. 8 is a graph showing a relationship between substrate 
temperature and the wall thickness of a carbon thin body composed of an 
approximately netlike wall (substrate position: 240 mm from the center of a 
magnetic field); 

Fig. 9 is a graph between substrate bias voltage and the number of 
openings in the front surface of a carbon thin body composed of an 
approximately netlike wall; 

Fig. 10 is a schematic perspective view of a carbon thin body 
composed of an approximately netlike wall and having a continuous film 
form portion as its base; 

Fig. 1 1 is a view showing a relationship between the ratio of 
hydrogen gas in reaction gases and the number of openings in the front 
surface of a carbon thin body composed of an approximately netlike wall; 

Fig. 12 is a perspective view of a model of a carbon thin body 
composed of an approximately netlike wall, the model being used for 
simulation of its electric field amplification factor and emission current; 
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Fig. 13 is a graph showing simulation results of the electric field 
amplification factor of a carbon thin body composed of an approximately 
netlike wall (and showing simulation results of the electric field 
amplification factor of perpendicular carbon nanotubes as Comparative 
Examples); 

Fig. 14 is a graph showing simulation results of the emission current 
of a carbon thin body composed of an approximately netlike wall (and 
showing simulation results of the emission current of perpendicular carbon 
nanotubes as Comparative Examples)); 

Fig. 15 is a schematic view of an emission current measuring device 
having a diode structure; 

Fig. 16 is a graph showing a relationship between the emission 
current and the extraction voltage of a carbon thin body composed of an 
approximately netlike wall; 

Fig. 17 is a sectional view of a first example of an electric field 
emission type electron source using a carbon thin body composed of an 
approximately netlike wall, the source being an embodiment of the present 
invention; 

Fig. 18 is a perspective view of a partial section of the carbon thin 
body shown in Fig. 17; 

Fig. 19 is a sectional view of a second example of an electric field 
emission type electron source using a carbon thin body composed of an 
approximately netlike wall, the source being an embodiment of the present 
invention; 

Fig. 20 is a perspective view of a partial section of the carbon thin 
body shown in Fig. 19; 

Fig. 2 1 is a sectional view of a third example of an electric field 
emission type electron source using a carbon thin body composed of an 
approximately netlike wall, the source being an embodiment of the present 
invention; 

Fig. 22 is a perspective view of a partial section of the carbon thin 
body shown in Fig. 21; 

Fig. 23 is a sectional view of a fourth example of an electric field 
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emission type electron source using a carbon thin body composed of an 
approximately netlike wall, the source being an embodiment of the present 
invention; 

Fig. 24 is a perspective view of a partial section of the carbon thin 
body shown in Fig. 23; 

Fig. 25 is a schematic perspective view of conventional 
perpendicularly-oriented carbon nanotubes; 

Fig. 26 is a perspective view of a model of perpendicularly-oriented 
carbon nanotubes used for simulation of their electric field amplification 
factor and emission current; and 

Fig. 27 is a schematic sectional view showing methods for supplying 
an electric current and a voltage to the perpendicularly-oriented carbon 
nanotubes. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to the drawings, embodiments of the present invention will 
be described. 

[First Embodiment: Carbon thin body] 

Referring to Fig. 1, which is based on observation with a 20000- 
magnification scanning electron microscope (SEM), each of curved walls 3a 
is formed to surround an opening (aperture) 4 substantially in the front 
surface of a carbon thin body 9. Some openings 4 are perfectly surrounded 
by the curved walls. The other openings 4 have partially-opened walls 
and are not perfectly surrounded. 

Fig. 2 is a schematic view of a 5000-magnification SEM image 
obtained by observing a section along the direction in which the carbon thin 
body grows and the front surface side of the body, from their oblique upper 
side. An approximately netlike wall 3 grows from a substrate 1 in parallel 
to the direction crossing the surface of the substrate 1 with base 3b on the 
substrate 1, so that the wall 3 has a thickness t. A large difference 
between the form of the base 3b and that of a front side portion 3c is not 
observed, but it appears that the density of the approximately netlike wall 
in the base 3b is larger than that in the front surface portion 3c. However, 
this difference is not clearly observed. Openings (apertures) 4 
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approximately surrounded by the approximately netlike wall 3 are 
observed at the side of the front surface portion 3c. It is not clear that the 
openings 4 reach the substrate through the base 3b. 

The approximately netlike wall grows along the direction crossing 
the surface of the substrate. It has been verified by transmission electron 
microscopic (TEM) observation and measurement of Raman scattering that 
carbon atoms constituting a carbon thin body 9 have a hexagonal system 
crystal structure in the same way as graphite. It has also been verified 
that the hexagonal system crystal is arranged in the manner that its c axis 
direction is substantially in parallel to the surface of the substrate. 

Fig. 3 is a schematic perspective view of the carbon thin body 9 
shown in Figs. 1 and 2. In the carbon thin body 9 composed of an 
approximately netlike wall, the greater part of the base 3b contacting the 
substrate 1 is curved, which is different from point-contact of 
perpendicularly-oriented carbon nanotubes. Therefore, the area of the 
contact becomes far larger than that in the case of simple linear-contact. 
The adhesive strength becomes far higher than the point-contact carbon 
nanotubes. In the case that the carbon thin body is used as an electric 
field emission type electron source, its electric field amplification factor gets 
higher as the thickness of the front tip of the approximately netlike wall 
becomes thinner, which is like a sharp blade edge. Since the tip portion 3a 
of the approximately netlike wall is complicated into an approximately 
netlike form and is curved, the density of its electron emitting points is far 
higher than that of perpendicularly-oriented carbon nanotubes. 

In the case that conventional perpendicularly-oriented carbon 
nanotubes are used a planar electronic device, the respective carbon 
nanotubes are formed independently of each other. To supply a voltage or 
an electric current to all of the carbon nanotubes, it is necessary that a 
conductive substrate is used or a conductive thin layer is formed on an 
insulated substrate as shown in Fig. 27. However, in the case that the 
carbon thin body of the first embodiment of the present invention is used as 
shown in Fig. 4, even if the carbon thin body is formed on an insulated 
substrate 1, an electric current or a voltage can be supplied to the whole of 
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the carbon thin body by supplying the current or the voltage from an 
electric current or voltage source 36. This is because respective portions of 
the carbon thin body are connected to each other through the curved walls. 
[Second Embodiment: Production of a carbon thin body] 

In the process for producing a carbon thin body according to the 
second embodiment of the present invention, the carbon thin body is 
produced by plasma CVD method, and preferably by electron cyclotron 
resonance plasma chemical vapor deposition (ECR-PCVD) method. 
Reaction gases are mixed carbon-containing compound gas and hydrogen. 
Examples of the carbon-containing compound gas include hydrocarbon 
compounds such as methane, ethane and acetylene; oxygen-containing 
hydrocarbon compounds such as methanol and ethanol; aromatic 
hydrocarbons such as benzene and toluene; carbon dioxide; and mixtures 
thereof. By selecting appropriately conditions such as the blend ratio 
between the reaction gases, the pressure of the gases and a substrate bias 
voltage, a carbon thin body composed of an approximately netlike wall can 
be formed within the temperature range of 400 to 700°C. This process for 
producing a carbon thin body composed of an approximately netlike wall, 
according to the present invention, does not require the following material, 
device and condition, which are necessary for the production of 
conventional perpendicvilarly-oriented carbon nanotubes: (a) superfine 
particles made of Fe, Ni or the like, which are catalysts; (b) an electric field 
applying type plasma CVD device for exclusive use; and (C) a substrate 
temperature over 700°C. 

In the carbon thin body producing process according to the second 
embodiment of the present invention, no catalysts are necessary and a 
widely-used ECR-PCVD device is used. Moreover, a substrate 
temperature of 600°C or lower can be adopted. Therefore, an inexpensive 
glass substrate is used to make it possible to grow the approximately 
netlike wall carbon thin body. 

Referring to Fig. 5, in this ECR-PCVD device, a substrate holder 38 
is set up inside a vacuum chamber 37 and a substrate 1 is put on this 
substrate holder 38. Inside the substrate holder 38, a heater 39 for 
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heating the substrate is arranged. The substrate 1 can be heated with a 
power source 30 for the heater. A bias voltage having an arbitrarily- 
selected value can be applied to the substrate 1 with a substrate bias power 
source 11. The substrate holder 38 can be moved, and has a mechanism 
making it possible to change the distance from the center of the magnetic 
field generated by an electromagnet 12 to the substrate 1. 

A reaction gas source 14, an evacuation device 13, and a plasma 
generating chamber 15 are connected to the vacuum chamber 37. 
Furthermore, a microwave generating device 17 is connected to the plasma 
generating chamber 15. By a microwave 16 generated from the microwave 
generating device 17 and a magnetic field from the electromagnet 12, 
electron cyclotron resonance plasma is generated inside the plasma 
generating chamber 15. The resonance condition for electrons can be 
represented by co = (e • B)/m e wherein co is the frequency of the 
electromagnetic wave, B is the magnetic flux density of the magnetic field, 
e is the electric charge of an electron, and m e is the mass of the electron. 
However, the magnetic flux density of the magnetic field is locally uneven. 
Therefore, even if the frequency of the above-mentioned electromagnetic 
wave is shifted, the resonance condition for electrons is satisfied at some 
position. Thus, the above-mentioned carbon thin body of the present 
invention can be formed. For this reason, if the resonance condition for 
electrons is satisfied in some position in plasma, the process under this 
condition comes under the present invention. By introducing this electron 
cyclotron resonance plasma onto the substrate 1 inside the vacuum 
chamber, the carbon thin body of the invention can be formed on the 
substrate 1. 

Structures such as the interval between the walls of the carbon thin 
body formed on the substrate and the thickness of the wall can be 
controlled by changing thin body-depositing conditions such as a substrate 
temperature, a substrate bias voltage and a reaction gas ratio, which are 
other control factors. Examples described below, described are examples 
wherein approximately netlike wall carbon thin bodies having different 
intervals between the walls were formed by changing thin body-depositing 
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conditions. Since walls are complicated into an approximately netlike 
form in actual carbon thin bodies, the interval between the walls cannot be 
strictly measured. Therefore, the surface (tip portion) of the above- 
mentioned carbon thin body was observed with an SEM, and the number of 
openings approximately surrounded by the approximately netlike walls and 
present in a 3 (am square in the surface was counted. As the number of 
the openings is larger, the interval between the walls is narrower. 

In Examples 1-4 described below, methane was used as a carbon- 
containing compound. However, even if any one of other compounds may 
be used, the carbon thin body of the invention can be formed. The scope of 
conditions for producing this carbon thin body varies dependently on the 
kind of the carbon-containing compound. Accordingly, conditions for 
producing the carbon thin body are different between the case that 
methane is used to produce carbon thin body and the case that any one of 
other carbon-containing compounds is used. 
(Example 1) 

In Example 1, substrates were set at a position 395 mm apart from 
the center of a magnetic field, and the ratio between methane gas and 
hydrogen gas, which were reaction gases, was set to 1:2. Carbon thin 
bodies were deposited under the following conditions: total gas pressure: 5 
x 10 4 Torr, substrate bias voltage: 0 V, microwave power: 1 kW, and 
deposition time: 2 hours. 

Fig. 6 demonstrates that in the case that the substrate temperature 
is below 600°C, neither carbon thin body of the invention nor carbon- 
containing thin layer is formed. At substrate temperatures of 600°C or 
higher, a carbon thin body of the invention is formed and the number of its 
openings increases with a rise in the substrate temperature, so that 
interval between its walls becomes shorter. 
(Example 2) 

In Example 2 of the present invention, substrates were set at a 
position 240 mm apart from the center of a magnetic field, and carbon thin 
bodies were deposited under the same conditions as in Example 1. That is, 
the conditions were as follows: the ratio between methane gas and 



-20- 



hydrogen gas, which were reaction gases: 1:2, total gas pressure: 5 x 10 4 
Torr, substrate bias voltage: 0 V, microwave power: 1 kW, and deposition 
time: 2 hours. Fig. 7 is a graph showing dependency of the number of 
openings in the carbon thin body of Example 2 upon the substrate 
temperature. 

Fig. 7 demonstrates that in the case that the substrate temperature 
is below 400°C, no carbon thin body of the invention is formed and a 
structure similar to perpendicularly-oriented carbon nanotubes having a 
diameter of about 100 nm is formed. At substrate temperatures of 400°C 
or higher, a carbon thin body of the invention is formed and the number of 
its openings increases with a rise in the substrate temperature, so that 
interval between its approximately netlike walls becomes shorter. From 
comparison of Example 1 with Example 2, it can be understood that by 
changing the distance between the substrate and the center of the magnetic 
field and adjusting the distance, the substrate temperature at which the 
carbon thin body of the invention is formed can be lowered. Therefore, it 
is possible to adopt a substrate temperature of 600°C or lower, at which a 
more inexpensive glass substrate can be used. 

Fig. 8 demonstrates that as the substrate temperature becomes 
higher, the thickness of the walls becomes thinner. Figs. 7 and 8 
demonstrate that as the interval between the walls becomes shorter, the 
thickness of the walls becomes thinner. This characteristic about the form 
of the carbon thin body of the invention is exhibited even if the condition 
for producing it is changed. 
(Example 3) 

In Example 3, substrates were set at a position 395 mm apart from 
the center of a magnetic field, and the ratio between methane gas and 
hydrogen gas, which were reaction gases, was set to 1:2. While a substrate 
bias voltage was changed, carbon thin bodies were deposited under the 
following conditions: total gas pressure: 5 x 10 4 Torr, substrate 
temperature: 700°C, microwave power: 1 kW, and deposition time: 2 hours. 

Fig. 9 demonstrates that at substrate bias voltages below -70 V, no 
carbon thin body of the invention is formed and a carbon -containing, flat, 



continuous film is formed. Within the range of substrate bias voltages of - 
70 to -50 V, a transition-state film, in which a carbon thin body of the 
invention and a continuous film are mixed, is generated. As shown in Fig. 
10, in this film, a continuous portion 5 is formed in a base 3b in the state 
that the portion is embedded in openings 4. Of course, the carbon thin 
body having a form as shown in Fig. 10 is included in the scope of the 
present invention. At substrate bias voltages of -50 to +70 V, a carbon 
thin body of the invention is formed. Moreover, as the substrate bias 
voltage becomes larger, the number of the openings 4 becomes smaller and 
the interval between the walls becomes wider. At substrate bias voltages 
over +70 V, no product is formed on the substrate. 
(Example 4) 

In Example 4, substrates were set at a position 395 mm apart from 
the center of a magnetic field. While the ratio of hydrogen gas in reaction 
gases was changed, carbon thin bodies were deposited under the following 
conditions: total gas pressure: a level of 10 4 Torr, substrate temperature: 
700°C, substrate bias voltage: 0 V, microwave power: 1 kW, and deposition 
time: 2 hours. 

Fig. 1 1 demonstrates that within the range that the ratio of 
hydrogen gas is below 25%, no carbon thin body of the invention is formed 
and a carbon-containing, flat, continuous film is formed. Within the range 
that the ratio of hydrogen gas is from 25 to 35%, a transition-state film in 
which a carbon thin body of the invention and a continuous film are mixed 
is formed, as shown in Fig. 10. Within the range that the ratio of 
hydrogen gas is from 35 to 80%, a carbon thin body of the invesntion is 
formed. Moreover, as the ratio of hydrogen gas becomes larger, the 
number of openings becomes smaller and the interval between the walls 
becomes wider. Within the range that the ratio of hydrogen gas is over 
80%, no product is formed on the substrate. 

[Third Embodiment: Electric field emission type electron source] 

The third embodiment of the present invention will describe an 
example wherein the above-mentioned carbon thin body composed of an 
approximately netlike wall is used as a microscopic electric field emission 
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type electron source. As a microscopic electric field emission type electron 
source, a Spindt type electron source, such as Mo or Si, has been hitherto 
used. In recent years, there have been developed carbon-type electric field 
emission type electron sources, which are expected to be operated at a low 
voltage and emit a stable electric current. Among the carbon-type 
microscopic electric field emission type electron sources, perpendicularly- 
oriented carbon nanotubes are expected to be operated at a low voltage 
since the curvature radius of the tips of the carbon nanotubes is very small. 
It is however very difficult to control the density of the perpendicularly- 
oriented carbon nanotubes. In order to form the perpendicularly-oriented 
carbon nanotubes, superfine metal particles made of Fe, Ni or the like, 
which becomes catalysts, are in general necessary. The density of the 
perpendicularly-oriented carbon nanotubes is decided by the state that the 
superfine metal particles are dispersed. However, it is very difficult to 
disperse the superfine metal particles in the state that the dispersion is 
sufficiently controlled. 

On the other hand, about the carbon thin body of the invention, the 
interval between the walls and the thickness of the walls can be sufficiently 
controlled and changed dependently on conditions for depositing the thin 
body as shown in the above Figs. 1 to 4. In order to demonstrate 
advantages produced in the case that the carbon thin body of the invention 
is used as an electric field emission type electron source, simulation for 
obtaining an electric field amplification factor was carried out. Fig. 12 is a 
perspective view showing a model that the carbon thin body of the 
invention is simplified. Plate-like walls 3s having a thickness w are 
arranged in parallel and at intervals of a distance d. On the other hand, 
conventional perpendicularly-oriented carbon nanotubes are simplified by a 
simulation model wherein tubes having a tube diameter of w are regularly 
arranged at intervals of a distance d (see Fig. 26). 

In any electric field emission type electron source, electrons are 
pulled out from the tips of the electron source by the electric field near the 
tips. Through an applied external electric field, the electric field near the 
tip is amplified by a value multiplied by an amplification factor decided by 
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the shape and arrangement of the tips of the electron source, and so on. 
As the tips of the electron source are sharper to make their curvature 
radius smaller and further the density of the sharp tips is smaller, the 
amplification factor in the tips of the electron source is larger. Fig. 13 is a 
graph showing relationships between: the normalized pitch of 
perpendicularly-oriented carbon nanotubes and the approximately netlike 
wall carbon thin body; and their electric field amplification factor. This 
normalized pitch is a value obtained by normalizing (dividing) the interval 
d between the carbon nanotubes or the approximately netlike walls by the 
diameter of the tubes or the thickness of the walls. The following can be 
understood from Fig. 13: (a) the electric field amplification factor of the 
perpendicularly-oriented carbon nanotubes is larger than that of the carbon 
thin body; (b) In the two, their electric field amplification factor increases 
monotonously as their pitch becomes larger; and (c) the rate of the increase 
(gradient) is larger in the perpendicularly-oriented carbon nanotubes. 

The reason for the item (a) is that while the tips of the carbon 
nanotubes are very small points, the tips of the approximately netlike walls 
are linear in the carbon thin body of the invention. Therefore, the electron 
emission amount, per unit area, from the tips of the electron source is 
larger in the carbon nanotubes, the electric field amplification factor of 
which is larger. On the other hand, the current emitted from the electron 
source is decided by the product of the electron emission amount, per unit 
area, from the tips and the total area of the tips. 

Referring to Fig. 14, the following (a)-(c) can be understood: (a) The 
emission current increases until the normalized pitch becomes 100 in the 
perpendicularly-oriented carbon nanotubes, and the emission current 
increases until the pitch becomes 50 in the carbon thin body of the 
invention. Within these ranges, the electric field amplification factor in 
the tips increases as described above, as the pitch thereof becomes larger as 
shown in Fig. 13. Thus, the emission current increases, (b) As the pitch 
becomes larger, the emission current decreases. This is based on the fact 
that as the pitch becomes larger, the ratio of the area of the tips in the unit 
area decreases. In other words, this is because the rate of the decrease in 



-24- 



the area of the electron emitting portion surpasses the rate of the increase 
in the electric field amplification factor in the tips, (c) Within the range of 
all the pitches, the emission current from carbon thin body of the invention 
is larger than that from the perpendicularly-oriented carbon nanotubes. 
This is based on the fact that the electric field amplification factor is 
smaller in the carbon thin body of the invention but the total electron 
emitting area is larger in the carbon thin body whose emitting portions are 
linear than in the carbon nanotubes whose emitting portions are in the 
form of points. 

As described above, in the carbon thin body of the invention, the 
control of its shape is easier. In the case that the carbon thin body is used 
as an electric field emission type electron source, many electric currents can 
be obtained. The following will describe specific Examples 5 to 9 of the 
third embodiment, that is, production of electric field emission type electron 
sources, using a carbon thin body having an approximately netlike wall. 
(Example 5) 

Fig. 15 is a schematic view of an emission current measuring device 
having a diode structure in Example 5 of the present invention. A carbon 
thin body composed of an approximately netlike wall in this device is as 
follows. An n type silicon wafer (specific resistivity: 0.03 Qcm) was used 
as a substrate 1. This substrate 1 was set at a position 395 mm apart from 
the center of a magnetic field. By ECR plasma CVD method, the carbon 
thin body 9 was formed under the following conditions: ratio between 
methane gas and hydrogen gas, which were reaction gases: 1:2, total gas 
pressure: 5 x 10 4 Torr, substrate temperature: 700°C, microwave power: 1 
kW, substrate bias voltage: 0 V and deposition time: 2 hours. This carbon 
thin body 9 was used as an electron emitting source, to produce the diode 
structure shown in Fig. 15. The distance between a silicon wafer 1 on 
which the carbon thin body 9 was formed and a glass substrate 20 on which 
an opposite electrode 21 was formed was 150 jam. An ITO (indium tin 
oxide) film 21, functioning as both a extraction electrode an anode electrode 
for capturing emitted electrons, was formed on the glass substrate 20. Fig. 
16 is a graph showing results obtained by measuring the emission current 
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while changing extraction voltage in this diode structure. 

Fig. 16 demonstrates that when the voltage is applied to the ITO film 
by a direct current power source, electrons are first emitted from the carbon 
thin body at a voltage of about 0.8 kV. With an increase in the extraction 
voltage, the emission current increases abruptly. When the extraction 
voltage is about 1.7 kV, an emission current over 250 |oA can be obtained. 
This voltage-current characteristic (VI characteristic) is subjected to FN 
(F owler-Nordheim) plotting, so that the plotted results are linear. This 
demonstrates that electron emission from the carbon thin body is an 
electric field emission. 
(Example 6) 

In any electric field emission type electron source, it is desired that a 
voltage for extracting electrons is lower. For this purpose, it is desired 
that the source has a structure wherein a extraction electrode for extracting 
electrons and an anode electrode for capturing the electrons are separated 
and the extraction electrode is made closer to an electron emitting portion 
(cathode). In the case of this structure, the electron source has a two- 
electrode structure having the cathode electrode and the extraction 
electrode. 

Referring to Figs. 17 and 18, a cathode pulling-out electrode 24 is 
formed on a substrate 1. The electrode 24 is an electrode for supplying 
electrons to a carbon thin body 9 composed of a approximately netlike wall, 
which is an electron emitting portion (cathode). The carbon thin body 9 is 
formed on a part of the cathode pulling-out electrode 24. Furthermore, an 
insulating film 23 is formed on the cathode pulling-out electrode and on a 
part of the substrate, the part being inside an area wherein the cathode 
pulling-out electrode is not formed, so that the insulating surrounds the 
carbon thin body 9. A extraction electrode 25 is formed on this insulating 
film 23. In such a structure, an appropriate positive voltage is applied to 
the extraction electrode 25 by a power source 26 for the extraction electrode, 
so that an electric field is generated at the tip of the approximately netlike 
wall of the carbon thin body 9. Electrons are emitted from the tip. Since 
the emitted electrons are generated by the electric field generated by 
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applying the positive voltage to the extraction electrode 25, the amount of 
the emitted electrons is larger at the tip of the approximately netlike wall, 
wherein the electric field is more intense. Namely, this amount is smaller 
as positions nearer to the center. 
(Example 7) 

Referring to Figs. 19 and 20, a backside extraction electrode 27 is 
formed on a substrate 1. An insulating film 23 is formed to cover the 
electrode 27. A cathode pulling-out electrode 24 is deposited on the 
insulating film 23. The electrode 24 is an electrode for supplying electrons 
to a carbon thin body 9 composed of an approximately netlike wall, which is 
an electron emitting portion. In this structure, an appropriate positive 
voltage is applied to the backside extraction electrode 27 by a power source 
28 for the extraction electrode, so that an electric field is generated, 
through the insulating film 23, at the tip of the approximately netlike wall 
of the carbon thin body 9. Electrons are emitted from the tip. The 
electron emission is caused by the electric field that the backside extraction 
electrode 27 having the positive voltage generates. This electric field is 
intense at the end of the cathode electrode, and is weaker as positions 
nearer to the center shielded by the cathode pulling-out electrode. Thus, 
in proportion to the intensity of the electric field, the amount of the emitted 
electrons is large at the end of the cathode and is smaller as positions 
nearer to the center. 
(Example 8) 

Referring to Figs. 21 and 22, in the above-mentioned two-electrode 
electron source, a backside extraction electrode 27 is formed on a substrate 
1. An insulating film 23 is formed to cover the electrode 27. A carbon 
thin body 9 composed of an approximately netlike wall, which constitutes a 
cathode electrode, is formed on this insulating film. A cathode pulling-out 
electrode 24 is formed between a part of the carbon thin body and the 
insulating film. The electrode 24 is an electrode for supplying electrons to 
the carbon thin body. The electrode 24 is arranged through the insulating 
film 23 in the front of the backside extraction electrode 27. 

In this structure, an appropriate positive electric potential is applied 
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to the backside extraction electrode 27 by a power source 28 for the 
extraction electrode, so that an electric field is generated, through the 
insulating film 23, at the front side tip of the approximately netlike wall of 
the carbon thin body 9. Electrons are emitted from the tip by this electric 
field. In this structure, the electric field is shielded by the cathode pulling- 
out electrode 24 in an area c just under which the electrode 24 is present, in 
the same way as in Example 7. Therefore, the amount of emitted electrons 
in this area c is smaller than that in an end area a having no shield. In 
the case that the two -electrode structure electron source shown in Fig. 2 1 is 
compared with Example 7, the cathode pulling-out electrodes 24 are 
localized just under the areas c, and are not arranged in a center area of 
the cathode electrode. Therefore, in the center area b, an electric field 
having an intensity similar to that in the end areas a can be generated. 
The carbon thin body 9 has satisfactory conductivity. Thus, electrons are 
supplied from the cathode pulling-out electrode 24 to the center area of the 
cathode even if no cathode pulling-out electrode 24 is present just under 
this center area. For this reason, in the center area b of the cathode 
electrode, electrons can be emitted to the same extent as in the end area a. 
Thus, as is compared with the two-electrode structure electron source of 
Example 7, the electron source of the present Example 8 makes it possible 
to increase the amount of emitted electrons from the whole of the electron 
source and improve the uniformity of electron emission. 
(Example 9) 

Referring to Figs. 23 and 24, in a two-electrode electron source of the 
present Example 9, a backside extraction electrode 27 is formed on a 
substrate 1. An insulating film 23 is formed to cover the electrode 27. A 
carbon thin body 9 composed of an approximately netlike wall, which 
constitutes a cathode electrode, is formed on this insulating film 23. A 
cathode pulling-out electrode 24 for supplying electrons to the carbon thin 
body 9 is formed between a part of the carbon thin body 9 and the 
insulating film 23. This electrode 24 is arranged not to overlap with the 
backside extraction electrode, as is viewed in plan. 

In this structure, an appropriate positive voltage is applied to the 
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backside extraction electrode 27 by a power source 28 for the backside 
extraction electrode, so that an electric field is generated, through the 
insulating film 23, near the front side tip of the approximately netlike wall 
of the carbon thin body 9. Electrons are emitted from the tip. In the 
present Example 9, no cathode pulling-out electrode 24 is arranged in the 
front of the backside extraction electrode 27, which is different from 
Examples 7 and 8. Accordingly, the electric field generated by applying 
the positive voltage, through the insulating film 23, to the backside 
extraction electrode 27 is not shielded. For this reason, the electric field is 
uniformly generated at the front side tip of the whole of the carbon thin 
body 9. Since electrons are supplied from the cathode pulling-out 
electrode 24 to the whole of the carbon thin body 9 in the same way as 
Example 8, electron emission is caused from areas just under which no 
cathode pulling-out electrode 24 is present. 

As described above, according to the two-electrode structure electron 
source of the present Example 9, an electric field is uniformly generated at 
the front side tip of the whole of the carbon thin body 9 constituting the 
cathode electrode. Moreover, electrons are sufficiently supplied. In 
Example 9, therefore, the amount of emitted electrons becomes larger than 
that in the electron sources of Examples 7 and 8. The uniformity of 
electron emission is also improved. 

Although the present invention has been described and illustrated in 
detail, it is clearly understood that the same is by way of illustration and 
example only and is not to be taken by way of limitation, the spirit and 
scope of the present invention being limited only by the terms of the 
appended claims. 
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